Introduction
============

"Saccadic eye movement" (SEM) is a short and rapid eye movement that can be voluntary or reflexive. It is responsible for capturing the image of interest then projecting it onto the fovea.[@b1-ndt-9-1393]--[@b3-ndt-9-1393] Abnormalities in SEM can be seen in a variety of disorders,[@b4-ndt-9-1393],[@b5-ndt-9-1393] thus SEM is a sensitive instrument for analyzing some psychopathologies. Some individuals with mental disorders show irregularities in the process of sensorimotor integration and SEM patterns. As such, it is important to understand the functions of these processes to elucidate the pathophysiology of these disorders.[@b6-ndt-9-1393],[@b7-ndt-9-1393]

SEM is considered a cognitive parameter to evaluate attention. Studies have showed that attention deficit is a feature of some mental disorders.[@b8-ndt-9-1393]--[@b17-ndt-9-1393] Because of this, it is believed that patients with psychiatric disorders have different SEM patterns than healthy subjects. Saccade movement studies facilitate understanding of the neurobiological bases of some mental disorders, allowing the evaluation of the mechanisms involved in attention processes of this specific population. With this in mind, the presented literature review examined the saccadic paradigm in relation to sensorimotor integration and psychiatric disorders. In particular, the study analyzed the patterns of relationship between oculomotor performance and psychopathology, focusing on depression, bipolar disorder (BD), schizophrenia, attention-deficit hyperactivity disorder (ADHD), and anxiety disorder (AD).

Methods
=======

Scientific articles published from 1967 to 2013 in the following databases PubMed/Medline, ISI Web of Knowledge, Cochrane database and SciELO were reviewed. The keywords used to locate relevant articles were: "saccadic eye movement," "depression," "bipolar disorder," "attention-deficit hyperactivity disorder," "schizophrenia," and "anxiety disorder." International articles published in English, Portuguese, and French during the defined period that contained some of the keywords were selected. Papers that observed non-human primates and humans were analyzed. Only research analyzing more than ten individuals, reviews, and original articles that used stimuli-guided saccades, antisaccades, memory-guided saccades, and smooth-pursuit eye movement (SPEM) tasks were included. Abstracts, case reports, articles in other languages, and papers that included other tasks that assessed attention not using eye movement were excluded.

Paradigms for the investigation of SEM
======================================

Due to the versatility of the saccades, a number of different behavioral tasks have been developed over the years to understand the different mechanisms involved in this process.[@b18-ndt-9-1393] Saccades have been investigated within several paradigms ([Table 1](#t1-ndt-9-1393){ref-type="table"}). The most studied paradigms are visually guided saccade, antisaccade, and memory-guided saccade.[@b19-ndt-9-1393]

Visually guided saccades (pro- or reflexive saccades)
-----------------------------------------------------

The "prosaccade" is a response that involves a redirection of the gaze to a stimulus, which is generated to align the fovea with a target of interest;[@b19-ndt-9-1393],[@b20-ndt-9-1393] in other words, a visual stimulus appears randomly anywhere in the environment and guides the direction of the saccade. The successful completion of the task requires a simple and direct sensorimotor transformation generated by an external signal.

Among the brain structures involved in this process, the superior colliculus plays an essential role in reflexive saccades. The activity is negatively related to latency; that is, the higher the activity of the superior colliculus, the faster the movement to search for the target.[@b19-ndt-9-1393],[@b21-ndt-9-1393] According to Johnston and Everling,[@b20-ndt-9-1393] when studying visually guided saccades, the lower the brain activity frequency during the reaction to a saccade at the beginning of a stimulus, the shorter the reaction time to the next saccade.

Antisaccades
------------

This is the paradigm most often used in experiments investigating eye movement. Subjects look at a central fixed point during antisaccadic tasks. Instead of looking at the target when a peripheral signal appears, they are instructed to look quickly in the opposite direction, thus triggering a volunteer saccade of equal amplitude, which quickly and accurately suppresses the reflexive saccade.[@b4-ndt-9-1393],[@b11-ndt-9-1393],[@b19-ndt-9-1393]--[@b23-ndt-9-1393] In addition, the task allows evaluation of the ability to suppress an automatic saccade.[@b20-ndt-9-1393] This suppression creates the perception of a stable environment.[@b1-ndt-9-1393],[@b24-ndt-9-1393]

Response latencies are a typical measure used to assess antisaccades, as they are longer compared with those of reflexive saccades -- by 50 milliseconds, on average[@b19-ndt-9-1393],[@b22-ndt-9-1393] -- thus differing from other paradigms.[@b25-ndt-9-1393] The longer latency can be attributed to the time required to cause inhibition of a reflexive movement and coordinate the transformation of the volunteer reflexive process.[@b22-ndt-9-1393] This process of transformation requires changes in the activity level of the basic saccadic circuit and the activation and recruitment of new areas.[@b7-ndt-9-1393],[@b26-ndt-9-1393],[@b27-ndt-9-1393] Another widely used measure is the number of directional errors, which may reflect inhibition problems.[@b25-ndt-9-1393]

The antisaccade results in increased activity in the frontoparietal cortex, frontal eye field (FEF), and supplementary eye field (SEF) compared with the prosaccade, but researchers have found that neurons in the FEF have a lower level of activity at the time of task preparation.[@b19-ndt-9-1393],[@b20-ndt-9-1393] However, the activity in the primary visual cortex is greater in antisaccade than in reflexive saccade.[@b19-ndt-9-1393]

Memory-guided saccades
----------------------

The "memory-guided saccade" is a classic task that has been used to investigate the neural processes underlying the performance of spatial memory, working memory and short-term memory.[@b20-ndt-9-1393],[@b28-ndt-9-1393] During this task, a stimulus alternates between two fixed points at a fixed time interval. The subject is instructed to look at a central fixed point. Alternating visual stimuli are then presented in the periphery of the visual field, requiring the subject to search for them in a sequential manner and remember their positions.[@b4-ndt-9-1393],[@b28-ndt-9-1393] Initially, there is a delay in displacement time between the central fixation point and the peripheral stimulus before the saccade begins. In the course of the task, anticipatory saccades occur, which are based on sensory and motor memory.[@b19-ndt-9-1393],[@b28-ndt-9-1393]

This paradigm can be considered a procedural learning task that causes the subject to understand the predictability and the destination of the movement. Compared with stimulus-led movements, these movements are more complex because the activity requires use of memory combined with feed-forward and visual-information mechanisms.[@b19-ndt-9-1393],[@b28-ndt-9-1393] The area that facilitates the understanding of stimuli sequence is the pre-SEF, which contributes to the planning and memorization of a new task, while the SEF contributes to the execution of the sequences that are already memorized.[@b19-ndt-9-1393] The typical measures used to evaluate memory-guided saccades are accuracy (reflecting the localization of the target by the participant), the number of anticipation errors (reflecting problems in the inhibition system), and latencies.[@b25-ndt-9-1393]

The systems responsible for memory-guided saccades that support the anticipatory behavior occurring during the task include the executive centers, such as the dorsolateral prefrontal cortex including the prefrontal and pre-supplementary cortex; special circuits related to memory, such as the frontoparietal and frontothalamic circuits, and the inferior hippocampal-parietal network; and the corticostriatal and cortical cerebellar handles that are involved in procedural learning.[@b19-ndt-9-1393],[@b20-ndt-9-1393],[@b29-ndt-9-1393]

Saccadic movements and psychiatric disorders: results
=====================================================

This section presents the main research results linking psychiatric disorders with SEM. The main results are also summarized in [Tables 2](#t2-ndt-9-1393){ref-type="table"}--[5](#t5-ndt-9-1393){ref-type="table"}.

Schizophrenia
-------------

Picard et al[@b30-ndt-9-1393] conducted a study with 78 schizophrenic patients (43 non-treated and 35 treated) and 41 healthy controls, who were tested using three saccadic tasks (prosaccades, predictive saccades, and memory-guided saccades). The researchers analyzed whether difficulties in the execution of saccadic tasks correlated with neurological signs such as discreet lack of motor coordination, subtle deficiencies in the performance of sequences, unbalance, sensory integration, and persistence of primitive reflexes. The authors observed correlations between the latencies of the tasks, error rates in memory-guided saccades, and the prediction rate of the anticipatory saccades. No relationships were found in the group of healthy subjects, but, in the group of schizophrenic patients, the total points of neurological subtle signs were positively correlated with three variable saccades. Finally, negative correlations were found for the estimation rate of anticipated saccades.

Another study recorded SEM and SPEM in 31 subjects: 17 schizophrenic patients, eleven non-schizophrenic psychiatric patients, and three normal controls.[@b11-ndt-9-1393] Both the schizophrenic subjects and psychiatric controls demonstrated a greater increase in error rates and greater delay in generating antisaccades than did normal controls. The researchers also analyzed individuals with alterations in their prefrontal areas, such as schizophrenic patients; the results showed that these subjects had difficulty initiating voluntary saccades toward the contralateral side in response to a visual stimulus and difficulty in suppressing reflexive saccades. The authors also reported that FEF was not essential to generate the saccade. Lesions in this area only produced transient and subtle deficiencies in eye movement generation. Combined lesions to the superior colliculus and FEF produced more significant and permanent changes, distorting the execution of eye movements.[@b11-ndt-9-1393]

Holzman et al[@b31-ndt-9-1393] found that SPEM abnormalities in first-degree relatives of schizophrenic patients only occur when the relatives have some schizophrenic spectrum characteristics. The researchers hypothesized that first-degree relatives of schizophrenic patients are vulnerable to these changes because they present the same phenotype. Moreover, Holz-man et al[@b32-ndt-9-1393] observed that SPEM has been shown to be altered in about 70% of schizophrenics and about 45% of their first-degree relatives.

Landgraf et al[@b33-ndt-9-1393] conducted a study in which memory-guided saccade, reflexive saccade, and central fixation tasks were administered to 16 patients who met the criteria for schizophrenia according to the *Diagnostic and Statistical Manual of Mental Disorders*, fourth edition (DSM-IV);[@b34-ndt-9-1393] 19 of these patients' psychiatrically healthy siblings; and 18 controls. The authors reported that in addition to the patients, their first-degree relatives also had a high number of errors for saccadic re-fixation tasks and guided memory saccadic tasks, reflecting a failure to inhibit reflexive saccades directed to a visible target.

A different experiment compared the reaction time to execute a visually guided saccade of 53 schizophrenic patients and 1,089 control subjects.[@b35-ndt-9-1393] An increase was verified in the patients' median reaction time. The researchers concluded that this difference in the distribution could be attributed to a basic difference in information processing, leading to the decision to move the eyes to the visually presented target.[@b35-ndt-9-1393]

BD
--

A study utilized the suppression of P50 auditory-evoked responses, inhibition of saccades during SPEM, and cancellation of reflexive saccades in the antisaccade, to evaluate and compare 40 bipolar patients, 18 schizoaffective disorder (bipolar-type) patients, and 29 schizophrenic patients.[@b35-ndt-9-1393] The study's objective was to determine if the patterns of endophenotype abnormalities differed between them, and if subjects with schizoaffective disorder (bipolar-type) were neurophysio-logically more similar to subjects with schizophrenia or to subjects with BD. The results showed that patients with BD have difficulty in performing antisaccadic tasks due to a dysfunction in the activation of the prefrontal cortex, which is responsible for movement planning. This failure occurs because of alterations in the sensory transmission measures of P50, which supports the auditory system and the integrity of the interneuronal cholinergic modulation in the hippocampus, often altered in bipolar patients.[@b35-ndt-9-1393]

Gooding et al[@b36-ndt-9-1393] examined the difference in behavior between ten bipolar and 23 schizophrenic patients during re-fixation and antisaccade tasks. The schizophrenic patients demonstrated moderately stable reaction times, accuracy, and mistakes over time. In contrast, bipolar patients do not show temporal stability and accuracy in the task or for the latencies of correct or incorrect answers.

Gooding et al[@b37-ndt-9-1393] researched 34 schizophrenic patients, 20 bipolar patients, and 30 non-patient controls. The objective of their study was to harmonize the discrepant results verified in previous studies about visual fixation performance in schizophrenic subjects. The patients were presented with central fixation targets. Analysis of variance of the number of saccades produced during fixation revealed that the three groups did not differ in terms of ratings of fixation quality.

Mueller et al[@b12-ndt-9-1393] studied young bipolar patients, comparing 20 youths with BD and 23 healthy subjects on a mixed pro-antisaccade task with monetary incentives. The participants were presented with three types of incentives: win money, lose money, or neither of these. Impaired reward processing was found in youths with BD compared with controls, particularly on antisaccades. This difference was reflected in lower error rates during incentive trials in the control but not in the BD group. By comparison, no group differences were found in terms of prosaccade movements.

Kathmann et al[@b38-ndt-9-1393] hypothesized a possible impairment of SPEM in unaffected family members of patients with affective disorders. To verify this hypothesis, 54 patients with schizophrenia or schizoaffective disorder, 46 patients with an affective disorder, 43 unaffected first-degree relatives of the schizophrenic patients, 36 unaffected first-degree relatives of the affective disorder patients, and 84 healthy subjects were compared when executing an eye movement task. A significantly lower pursuit gain was observed in the schizophrenia and affective disorder patients than in the healthy subjects. Moreover, the relatives of both the schizophrenia and affective disorder patients showed significant gain deficits. However, a gain deficit was observed in patients and in their unaffected biological relatives. This finding supports the existence of eye movement impairment in the relatives, but the sensitivity of this marker is too weak to be considered a genetic factor in schizophrenia and affective disorder patients.

Depression
----------

Sweeney et al[@b39-ndt-9-1393] assessed depressed subjects through a battery of oculomotor tasks selected to evaluate the functional integrity of frontostriatal circuits and cerebellar vermis. Twenty-nine non-medicated depressed inpatients and an age-and sex-matched healthy comparison group of 19 subjects were analyzed. The study verified that these patients presented an increased rate of error suppression in response to an antisaccadic task, a less accurate memory for spatial information, dysmetria in visually guided saccades and an increased rate of saccadic intrusion during visual fixation.

Winograd-Gurvich et al[@b40-ndt-9-1393],[@b41-ndt-9-1393] observed that depression patients exhibited greater latency and a higher number of errors when performing saccadic tasks. They also demonstrated a reduction in movement precision and difficulty suppressing peripheral target stimuli. These studies have determined that it is possible to differentiate motor disorders in melancholic and non-melancholic depression. Melancholic patients exhibit motor slowness, having difficulty in initiating movements without external cues. The researchers affirm that this performance of melancholic patients is similar to that of Parkinson's patients due to motor disturbances. It leads to increased latency, reduced peak velocity, and hypometric primary saccades. The increase of reprogrammed saccadic latencies and the severity of melancholic symptoms may reflect a deficiency in the ability to select or inhibit the responses to competing targets. The researchers observed similar control results in patients with non-melancholic depression, but the peak velocity as well as the amplitudes of the reflexive saccade increased. Further, melancholic patients present a higher latency and a lower peak velocity in the execution of a memory-guided saccade, replicating results observed in stimulus-guided saccades.

An experiment using therapeutic repetitive transcranial magnetic stimulation (rTMS) was conducted to examine the influence of this on different types of saccades in patients treated for major depression. The latency and directional error were analyzed in reflexive and voluntary saccades (ie, prosaccades and antisaccades). The tasks were studied in eleven depressed patients before and after rTMS. The eye movement was registered by infrared oculography. After applying ten sessions of rTMS on the left dorsolateral prefrontal cortex, new measures were adopted to observe modifications. A decrease in the antisaccade task latency occurred after rTMS application, but the stimulation in this cortex seemed to have no important effectiveness on reflexive saccades. The voluntary prosaccades were also not influenced. These results suggest that rTMS might differentially affect specific aspects of saccade behavior.[@b42-ndt-9-1393]

Mahlberg et al[@b43-ndt-9-1393] investigated the basic neurophysiologic parameters of saccades in schizophrenics, patients with major depression, and nonpsychiatric controls. The precision, peak velocity, and reaction time were considered for comparison. The velocity peak significantly increased in schizophrenic patients. Depressive patients had a longer reaction time. The patients exhibited more corrective saccades than controls. In contrast, Flechtner and colleagues[@b44-ndt-9-1393] evaluated schizophrenic patients and patients with affective disorders (major depression) during clinical treatment. Subjects were evaluated during execution of eye movement tasks; specifically, the velocity gain was evaluated in different saccadic categories. No significant correlations were found between psychopathological status, neuroleptic medications, and eye movement variables. Based on this finding, the researchers concluded that psychiatric patients' task performance was not affected by the use of the neuroleptics or by clinical status.

ADHD
----

Feifel et al[@b45-ndt-9-1393] aimed to evaluate the functional integrity of the frontostriatal system of adult subjects with ADHD. The ADHD adult subjects, unmedicated for at least 48 hours, and normal comparison adults were studied by means of a comprehensive battery of ocular motor paradigms. During a prosaccade task, the ADHD subjects generated significantly more anticipatory (premature) saccades with reaction time of less than 90 milliseconds. In the antisaccade task, the ADHD subjects made significantly more directional errors than the normal adults. However, the performance of the adults with ADHD was consistent with deficits in saccadic inhibition. Therefore, the study concluded that there is interdependence between the brain systems mediating visual attention and ocular motor behavior.

A study related that problems presented by these patients during the performance of saccades are caused by abnormal selection and maintenance of motor response to stimuli, due to a failure to inhibit or delay behavioral responses. Goto et al[@b46-ndt-9-1393] investigated the development of reflexive and voluntary control of saccades in normal children to clarify dysfunctional nervous systems in ADHD individuals, comparing saccade parameters among 19 ADHD patients, 50 normal subjects, and four patients with frontal lesion. Latency and precision were computed, the percentage of anticipatory errors was determined in memory-guided saccade tasks, and the percentage of direction errors was determined in antisaccade tasks. The results showed that ADHD patients present dysfunctions in "response inhibition," which is modulated by the frontal lobe.

Gould et al[@b17-ndt-9-1393] compared 53 children with ADHD (29 girls and 24 boys) with 44 healthy control children (18 girls and 26 boys) on a 21-second fixation task. The saccades used for comparison were large saccades; in other words, saccades larger than 4° away from the fixation. It was observed that children with ADHD made larger saccades that interrupted fixation than did control children (*P* = 0.001). Mean scores of the ADHD group did not change significantly with subsequent retesting with placebo (*P* = 0.11); however, there was poor intra-subject correlation (*r* = 0.16). The ADHD children made significantly more intrusive saccades during fixation than did the control subjects, possibly reflecting intrinsic neurologic dysfunctions.

AD
--

### Obsessive-compulsive disorder (OCD)

Siever et al[@b47-ndt-9-1393] evaluated the relationship between SPEM and the attentional effects of amphetamine. SPEM performance was measured prior to and following amphetamine administration in five bipolar patients and eight obsessive-compulsive patients. Amphetamine did not significantly alter the accuracy of SPEM in the two patient groups. However, significant negative correlations were observed in the obsessive-compulsive patients and in the combined patient groups between baseline SPEM impairment and changes in eye-tracking accuracy following amphetamine; that is, individuals with poorer SPEM accuracy improved, while the tracking accuracy of better SPEM performers was lowered during amphetamine treatment.

Clementz et al[@b48-ndt-9-1393] conducted two studies to evaluate the smooth-pursuit system functioning of OCD patients. In the first study, 12 OCD patients and 12 nonpsychiatric subjects were administered 9°/second ramp stimuli to elicit SPEM. Patients with OCD did not significantly differ from nonpsychiatric subjects in terms of pursuit gain or frequency of corrective and intrusive saccades. They also observed that OCD patients had smaller catch-up saccades during smooth pursuit than nonpsychiatric subjects. In the second study, 12 OCD patients and 12 nonpsychiatric subjects were administered two different triangle wave stimuli. Patients with OCD and nonpsychiatric subjects did not significantly differ in any variable in the slow target velocity condition. However, when following 24°/second targets, patients with OCD had significantly lower pursuit gain than the nonpsychiatric subjects.

Pallanti and colleagues[@b49-ndt-9-1393] investigated the existence and characteristics of SPEM disturbances (in both saccadic and smooth pursuit) in unmedicated OCD patients, and the correlation between SPEM and clinical features, such as previous treatment, severity, and duration of illness. In that study, 21 OCD patients and 21 community-recruited controls were tested for multiple target velocity. The authors verified a SPEM alteration in some OCD patients, which consisted of a moderate to severe reduction of pursuit and increased number and amplitude of anticipatory saccades.

To investigate whether the abnormalities in the orbital prefrontal cortex are involved in causing obsessive and compulsive symptoms, Rosenberg et al[@b50-ndt-9-1393] administered oculomotor tests to 12 medication-free, non-depressed patients with OCD aged 18 to 44 years and 12 matching healthy controls to assess ability to suppress responses and execute delayed volitional responses. Patients with OCD had more response-- suppression failures than controls when peripheral visual targets were presented close to central fixation.

In a study comparing 20 OCD patients, 20 schizophrenics, and 20 healthy controls during the execution of smooth-pursuit and steady-state tasks,[@b51-ndt-9-1393] Farber et al found that OCD and nonpsychiatric individuals had statistically similar pursuit reaction time and average eye accelerations during open- and closed-loop performances. The researchers suggested that brain regions supporting smooth-pursuit performance are unimpaired among OCD patients.

Maruff et al[@b52-ndt-9-1393] investigated 12 patients with OCD and 12 controls during visually guided saccade, volitional prosaccade, and antisaccade tasks. They did not find any difference between groups in terms of antisaccade error rates. The latency of visually guided saccades did not differ between groups; however, the latency of both volitional prosaccades and antisaccades was significantly longer in the patients with OCD compare to controls.

Lencer et al[@b53-ndt-9-1393] recorded eye movements in 16 patients with schizophrenia, 15 with affective disorder, 18 with OCD, and 23 healthy control subjects using infrared reflection oculography. The authors observed a lower steady-state velocity in the foveofugal task in all patient groups than in controls; changes in saccadic latencies or position errors were not found in any of the patient groups. In addition, pursuit latency remained unchanged and initial eye acceleration did not decrease. The researchers did not find any difference among the OCD and other patient groups.

Van der Wee et al[@b54-ndt-9-1393] compared 14 adult psychotropic-naive, comorbidity-free patients with OCD and 14 pair-wise healthy controls on prosaccade, antisaccade, and active fixation tasks, in which subjects only had to suppress reflexive prosaccades. The study did not find any difference between patients with OCD and healthy controls in terms of error rates on the active fixation and saccadic tasks, which indicates that OCD patients have no gross impairment of oculomotor inhibitory capacities. However, the authors found an abnormal increase in latency for the antisaccade task in patients with OCD. They concluded that, at present, there is no available evidence about the state or trait-dependent nature of this specific oculomotor abnormality or about its presence in subsyndromal populations or in relatives of OCD patients.

Spengler et al[@b55-ndt-9-1393] investigated whether specific oculomotor dysfunctions can be observed in patients with OCD during the execution of four kinds of eye movements: predictive saccade, reflexive saccade, antisaccade, and predictive smooth pursuit. The sample included 18 OCD patients, 16 schizophrenic patients, and 23 healthy subjects. The authors identified increased rates of anticipatory saccades with reduced amplitude gains in patients with OCD, similar to the findings observed in schizophrenic patients. They did not observe changes in the latency or the accuracy of reflexive saccades for OCD patients and schizophrenics. In the antisaccade task, error rates and latencies observed in the OCD patients did not differ from those of healthy controls, but did differ from those seen in schizophrenic patients. Further, the authors did not find evidence for smooth-pursuit maintenance impairment; however, smooth-pursuit maintenance performance seemed to be impaired in OCD patients whenever the predictability of the stimulus movement was reduced.

Kloft and colleagues[@b56-ndt-9-1393] investigated 22 unmedicated patients with OCD, 22 unaffected first-degree relatives of OCD patients, and 22 healthy volunteers. The study involved four task types: visually guided saccades and three different types of volitional saccade task: cued, un-cued, and free choice. The researchers identified that OCD patients and relatives had longer latencies in the volitional saccades with demand than the control group. They also found that there were no group differences in terms of latencies of volitional saccades without response selection demand (cued condition), visually guided saccades, and free-choice saccades. The study provides evidence that dysfunctional volitional response selection is a candidate OCD endophenotype.

### Social anxiety

Wieser et al[@b57-ndt-9-1393] investigated an emotional saccade task with facial expressions (happy, angry, fearful, sad, neutral) in socially anxious individuals. The participants performed either pro- or antisaccades in response to peripherally presented facial expressions. The results showed that socially anxious persons have difficulty in inhibiting themselves to reflexively attend to facial expressions; they made more erratic prosaccades to all facial expressions when an antisaccade was required. Thus, these findings indicate impaired attentional control in social anxiety. This result may be due to a dysfunction in the prefrontal areas, since they are involved in attentional control.

### Anxiety (nonspecific)

Ansari et al[@b58-ndt-9-1393] tested the hypothesis that anxiety impairs performance in cognitive tasks that involve the shifting function of working memory through the antisaccade paradigm. The participants performed single- and mixed-task versions of the paradigm. The single task involved the completion of separate blocks of anti- and prosaccade trials, while, in the mixed task, participants completed anti- and prosaccade trials in a random order within blocks. The authors observed that individuals in the high anxiety group did not exhibit the commonly reported paradoxical improvement in saccade latency, whereas those in the low anxiety group did.

Derakshan et al[@b59-ndt-9-1393] investigated the effects of anxiety on the antisaccade task. In two experiments, participants in the high anxiety group had longer antisaccade correction latencies than participants in the low anxiety group and this effect was greater with threatening cues than with positive or neutral ones. The high and low anxiety groups did not differ in terms of error rate in the antisaccade task, nor were any group differences found in terms of latency or error rate in the prosaccade task. The researchers concluded that anxiety affects performance efficiency but not performance effectiveness. The summary of the main findings are presented in [Table 6](#t6-ndt-9-1393){ref-type="table"}.

Discussion
==========

Our hypothesis is that patients with the approached psychiatric disorders have different SEM patterns when compared with healthy subjects. The aim of this study was to study the saccadic paradigm in relation to sensorimotor integration and psychiatric disorders; specifically, to analyze the relationship patterns between oculomotor performance and depression, BD, schizophrenia, ADHD, and AD. However, it is important to highlight that the present review shows that there is a difficulty in establishing a pattern of response tasks using eye movements related to different psychiatric disorders. This difficulty can be mainly explained by two factors: the use of (1) medications and (2) different methodologies for the evaluation process.

First, therefore, the fact that psychiatric patients are on medications must be considered, as these drugs can alter the response required by the tasks in the different experiments.[@b60-ndt-9-1393]--[@b62-ndt-9-1393] Further, for ethical reasons, psychiatric patients cannot be asked to suspend use of the medications. The second factor is that research using eye movements to evaluate patients employs different measures to carry out these analyses. Lack of standardization of these measures could influence the results, which have been presented in different manners. As such, it is necessary to establish a standard methodological approach for the different pathologies highlighted in the study in order to find a consensus about the changes displayed in each. This review identified the following methods as a strategy assessment for eye movements: electrooculography (electrooculogram), infrared oculometry, video camera, limbus eye-tracking device, remote mounted eye tracker, V dual-Purkinje tracker, microelectrodes, and others.

Schizophrenia
-------------

Schizophrenia is a chronic disabling syndrome that affects 1% of the population. It is the main cause of psychiatric hospitalization and is characterized by hallucinations, delirium, paranoia, and severe mood disorders among other symptoms.[@b63-ndt-9-1393] Schizophrenic patients exhibit more hypoprosexia when responding to a variety of stimuli;[@b64-ndt-9-1393] this has been associated with reduced gray-matter volume in the prefrontal, frontal, temporal, and parietal areas, which are responsible for sequencing tasks, motor coordination, and sensory integration, respectively.[@b30-ndt-9-1393] In particular, these regions control reflexive glance inhibition during the performance of specific eye movement tasks.[@b10-ndt-9-1393]

A recent study verified abnormalities in schizophrenic patients, where decreased widespread gray-matter density reductions were observed.[@b65-ndt-9-1393] The study also verified that abnormal smooth pursuit and SEM in schizophrenia were associated with specific brain structures. The study highlighted changes in occipito-temporo-frontal circuitry, the left calcarine cortex, the left cuneus, the left superior occipital cortex, the left superior frontal gyrus, the left cerebellum, the right lingual cortex, the right middle occipital cortex, the right inferior temporal cortex, the right dorsolateral prefrontal cortex, and bilateral precentral gyri extending to the FEFs.[@b65-ndt-9-1393] Some of these areas are involved with attention mechanisms and with eye movements. It is necessary to consider that attentive disorders are also often associated with schizophrenia and could conceivably affect the execution of an antisaccade and cause abnormalities in SPEM.[@b5-ndt-9-1393],[@b10-ndt-9-1393],[@b11-ndt-9-1393],[@b66-ndt-9-1393]

The most common types of eye movements used to explore the environment are saccades and smooth pursuit. Saccades are normally of high velocity and are used to rapidly change eye position in order to foveate new targets of interest, while smooth pursuit attempts to match the velocity of the eye with the target velocity in order to foveate targets during motion.[@b67-ndt-9-1393],[@b68-ndt-9-1393] The neuronal pathways involved in these movements send afferents originating from the same retinal inputs to some areas. Studies highlight that certain regions are more involved than others depending on the movement; for example, the rostral bank of the arcuate sulcus in the FEF is more active during saccadic tasks, and the posterior wall of the arcuate sulcus in the FEF is predominant during SPEM.[@b67-ndt-9-1393] This is observed in healthy subjects. A study evaluated the differences in cerebral activation during smooth pursuit and SEM using positron emission tomography and observed that subjects exhibited frontal eye-field activation during both smooth pursuit and SEM, but that it was greater in the latter. During smooth pursuit, subjects also exhibited increased cerebral activation in the left temporal--occipital border and left superior frontal cortex and decreased activation in the medial superior parietal and insular regions related to the saccades. Other cortical visual and eye movement brain regions also demonstrated differences in activation between the two visual tasks.[@b69-ndt-9-1393]

Researchers have shown that schizophrenic patients have an increased latency in performing SEM when trying to correct for an error produced during the task. This finding is due to a reduced cortical inhibition reflex, which is caused by failures in spatial integration and memorization. This deficit leads to a difficulty in incorporating visual-spatial information into working memory, causing limitations to the use of information early in the modification of the planned saccade.[@b4-ndt-9-1393],[@b11-ndt-9-1393],[@b30-ndt-9-1393],[@b35-ndt-9-1393],[@b36-ndt-9-1393] These abnormalities in SPEM and antisaccade have also been reported in relatives of patients with schizophrenia.[@b66-ndt-9-1393],[@b70-ndt-9-1393] The eye-tracking deficits have been proposed as markers for a genetic vulnerability to schizophrenia.[@b66-ndt-9-1393] Poor performance in the antisaccade task has been proposed as a candidate endophenotype in schizophrenia.[@b71-ndt-9-1393] In their study, Mazhari and colleagues[@b71-ndt-9-1393] observed the antisaccadic performance in schizophrenic patients and their relatives. The authors compared schizophrenic patients with and without cognitive deficits, relatives, and healthy controls during the task. They observed greater error rate and prolonged latencies to correct high error rates in relatives of poorly performing patients; longer latencies of self-correction saccades in relatives than in controls; and higher error rates and longer latencies of self-correction saccades in the individuals with cognitive impairments than in individuals without cognitive deficits.[@b71-ndt-9-1393] The eye movements have also been utilized to identify individuals with an increased risk of developing a psychosis. An experiment identified that both the corrective and non-corrective saccadic rates during pursuit were higher in people at higher risk of developing psychosis. The results of this study indicate that abnormalities in SPEM are already present in these patients, prior to the first psychotic episode.[@b66-ndt-9-1393]

Experiments have verified that correlations between changes in SEM and schizophrenia could have been misinterpreted, because the same performance errors found in schizophrenic patients are seen in patients with other psychiatric disorders. This may be because these characteristics are linked to attention disorders, difficulty in understanding, and lack of motivation. These are common characteristics in all patients with psychopathological impairments.[@b10-ndt-9-1393],[@b72-ndt-9-1393] Disturbances in the implementation of an antisaccade cannot have a high degree of specificity for the diagnosis of schizophrenia, because the frontostriatal system, which controls cognitive ability, may be involved in psychotic and nonpsy-chotic disorders.[@b14-ndt-9-1393] The cause of these alterations suggests that there may be anomalies in the eye pursuit system in conjunction with schizophrenia.[@b72-ndt-9-1393]

Thus, we concluded that sensorimotor integration and ocular tracking disorders seem to be involved with one of the pathophysiological characteristics of schizophrenia. Schizophrenic patients have difficulty inhibiting stimuli from the environment and directing attention to the target stimuli. There is still no absolute agreement among researchers, but it seems that many of these physiological deficits are independent and not interconnected. However, these deficits may be tools to identify characteristics of psychotic disorders, to clarify the pathophysiologies, and to identify new approaches for treatment. Thus, more research is needed to assess whether changes in saccadic movement patterns can constitute a pathognomonic signal of schizophrenia.

BD
--

BD is characterized by oscillation between manic, hypomanic, euthymic, and depressive states. Patients also display an alteration in cognitive control that interferes with functionality.[@b12-ndt-9-1393],[@b72-ndt-9-1393]--[@b74-ndt-9-1393] This pathophysiology is poorly understood[@b12-ndt-9-1393] and research seeks to clarify the central mechanisms involved in this disorder through eye movement studies.[@b12-ndt-9-1393],[@b35-ndt-9-1393],[@b72-ndt-9-1393]

The results of studies using SEM in patients with BD are conflicting, yet some of them indicate abnormalities in ocular pursuit tasks.[@b72-ndt-9-1393] Although the neural basis of BD is not yet fully known, researchers suggest that the cause of errors may be related to a hypofunction of the striatum cortex.[@b10-ndt-9-1393] Other evidence supports the fact that the cerebellum mediates the activity of other brain areas involved in the control of eye movements, specifically through the vermis, focculi, paraflocculi, and deep cerebellar nuclei.[@b75-ndt-9-1393],[@b76-ndt-9-1393] A study utilizing functional magnetic resonance evaluated the performance of bipolar subjects during SPEM tasks.[@b77-ndt-9-1393] The research identified a greater hemodynamic in the cerebellar vermis of the bipolar subjects (in specific patients with symptoms of depression) than in healthy subjects. The authors suggested that this may imply a cerebellar involvement in BD.[@b77-ndt-9-1393] Functional magnetic resonance studies also provide evidence that the cerebellar hemispheres play a significant role in smooth pursuit and SEM.[@b75-ndt-9-1393] Other studies have shown that changes in saccadic movement in BD are influenced by phasic characteristics, specifically by the oscillations typical of the patient's clinical condition, which interferes with the status of his/her personality.[@b78-ndt-9-1393] In some cases, these mood swings can take place even within the same day, making it difficult to analyze the results, which often show inconsistencies, depending on the patient's emotional condition. This oscillation influences the performance of the task by generating a greater or lesser number of errors and changes in the latencies of these patients.[@b36-ndt-9-1393] Studies report that bipolar patients, unlike schizophrenic patients and healthy subjects, exhibit a decrease in latency that translates into a faster response to stimulation.[@b12-ndt-9-1393],[@b33-ndt-9-1393] Alterations in response time can help the different diagnosis of this disorder.[@b33-ndt-9-1393] However, another study found that bipolar patients demonstrated normal latency and accuracy for simple visually guided saccadic tasks.[@b39-ndt-9-1393] In reflexive saccadic tasks, bipolar patients did not show any impairment in precision movements, not even at peak velocity, but increased latency for other tasks was observed.[@b39-ndt-9-1393]

After analysis of the available studies, one can observe that there is an enormous research gap, with numerous questions still existing about the behavior of bipolar patients during tasks involving attention and eye movements. The bipolar patients in the studies presented different responses in relation to saccadic movement modifications. These responses appear to depend on the phase of the disease in which the patient is. There is a need to develop new experimental studies looking at patients in various states of mood swing to clarify these uncertainties, thus providing a greater understanding of the pathophysiology, which will allow for the development of new treatments approaches for these patients.

Depression
----------

Depression is characterized by a slowing of mental processes, depressed or irritable mood, anhedonia, fatigue, indifference, psychomotor apathy or agitation, and life cycle change.[@b79-ndt-9-1393]--[@b81-ndt-9-1393] The cognitive and motor assessment of depressed patients through oculomotor tasks is essential for establishing the involvement of the central nervous system in this process.[@b40-ndt-9-1393],[@b41-ndt-9-1393] Tasks that involve SEM provide an accurate assessment of cognitive control, which is influenced by the attention processes.[@b27-ndt-9-1393],[@b82-ndt-9-1393] These measures can be affected by motivational and emotional factors relevant to attention deficits related to depressive disorders.[@b13-ndt-9-1393],[@b14-ndt-9-1393] Systematic assessment of oculomotor function represents a promising strategy for the testing of executive motor deficits in order to understand the multiple systems involved in depression. In particular, eye movements are easily observable and measurable, thus directly provide information about the nervous system.[@b39-ndt-9-1393]

Depression is associated with a pattern of disinclination in preparing for saccades and subsequently controlling their execution.[@b13-ndt-9-1393] Moreover, these patients have low levels of motivation, which influences attention engagement.[@b13-ndt-9-1393] Antisaccadic tasks may allow for the assessment of deficiencies prior to the onset of depressive symptoms, observing whether these constitute vulnerability factors or contribute to the manifestation of symptoms.[@b13-ndt-9-1393] When comparing saccadic tasks in depressed patients with those possessing other psychiatric illnesses, it was found that, in contrast to schizophrenia, depressive patients present more stable cognitive impairments and their saccadic movement appears to vary with mood.[@b39-ndt-9-1393] In relation to the impairment of the eye movement pattern in psychiatric patients' relatives, some researchers have sought to verify if their first-degree relatives with affective disorders also show changes in SPEM pattern, as observed in relatives of schizophrenics. The research results are controversial. One study found that the pattern of SPEM performed by the relatives of depressed patients showed no significant difference when compared with that of individuals with no family history of major psychosis, suggesting that this impairment is characteristic of first-degree relatives of schizophrenic patients and not of relatives of patients with affective disorders.[@b83-ndt-9-1393] However, Kathmann et al[@b38-ndt-9-1393] found a gain deficit in SPEM in the unaffected relatives of patients with affective disorders, suggesting that eye-tracking disorders are not specific to schizophrenia.

Thus, the eye movement pattern of depressed patients seems to vary with mood. Moreover, these patients exhibit slow responses to the stimulus and vary in their response according to their type of depression.

ADHD
----

When approaching ADHD, it is important to differentiate this concept from that of attention-deficit disorder (ADD) to avoid confusion. ADD is characterized as a non-hyperactive subtype of ADHD; however, in this paper, ADHD will be discussed in its general form.[@b84-ndt-9-1393] ADHD is characterized by the presence of inattention, hyperactivity, and impulsivity, associated with inappropriate behavior.[@b15-ndt-9-1393]--[@b17-ndt-9-1393] Children affected by this disorder have problems related to task executive control and inhibition processes. They fail to execute planned behaviors, which rely on the use of internal representations.[@b25-ndt-9-1393],[@b85-ndt-9-1393] Further, they demonstrate difficulty in performing tasks of working memory and exhibit decreased velocity in motor and cognitive activities.[@b25-ndt-9-1393],[@b86-ndt-9-1393] Research correlates this pathology with changes in the architecture of the frontal lobes, caudate nucleus, and corpus callosum.[@b18-ndt-9-1393],[@b83-ndt-9-1393] Due to these dysfunctions, neural circuits are affected in ADHD, mostly the frontostriatal and frontoparietal ones.[@b18-ndt-9-1393],[@b87-ndt-9-1393] Imaging exams reveal structural and functional abnormalities in the basal ganglia-thalamic-cortical circuitry, which transmits information to the frontal cortex and the frontostriatal network.[@b46-ndt-9-1393]

One other feature in patients with ADHD is distractibility. Distractibility and inattention have been considered a possible cause of variability in response time involved in saccadic tasks.[@b88-ndt-9-1393],[@b89-ndt-9-1393] A study comparing healthy subjects with ADHD patients verified that the ADHD group was slower to inhibit reflexive saccades than the control group, and slower reaction time and more errors were observed in the former group.[@b88-ndt-9-1393] A delayed oculomotor response was identified in the patients, who displayed more premature saccades than the controls. The result was associated with distraction increase and it was considered an effective measure for selective attention, particularly in the ADHD population.[@b88-ndt-9-1393]

The study of saccades through paradigms associated with ADHD patients has helped understanding the pathophysiological basis of the disorder.[@b90-ndt-9-1393] These studies have been used to assess the ability of these patients to generate or inhibit a reflexive saccade and induce voluntary responses,[@b18-ndt-9-1393] allowing researchers to observe the working memory, spatial attention, and expectation.[@b46-ndt-9-1393],[@b90-ndt-9-1393] Tasks using SEM have been widely employed to verify the process of inhibition in people with ADHD. Good performance in executing the tasks requires inhibition and motor reprogramming.[@b90-ndt-9-1393]

Patients with ADHD exhibit a higher error rate during antisaccadic tasks.[@b15-ndt-9-1393],[@b18-ndt-9-1393] This abnormality is caused by a deficiency in the dorsolateral prefrontal cortex and basal ganglia. These patients exhibit less precision in the execution of the saccade[@b25-ndt-9-1393],[@b90-ndt-9-1393],[@b91-ndt-9-1393] and early responses when compared with healthy subjects, who seem to expect the location of the stimulus and do not act impulsively.[@b45-ndt-9-1393],[@b90-ndt-9-1393] Individuals with ADHD have difficulty maintaining a prolonged fixation on a target and in predicting the task interval time.[@b18-ndt-9-1393],[@b25-ndt-9-1393],[@b45-ndt-9-1393],[@b46-ndt-9-1393] They also have great difficulty regulating the process of initiating a saccadic movement, but their saccades are metrically normal, suggesting that the brainstem is the generator of the movement and is intact in such cases. These characteristics are similar to the alterations present in people with lesions of the frontal lobe. Some researchers correlate this with failures in the top-down control of attention.[@b17-ndt-9-1393],[@b18-ndt-9-1393],[@b25-ndt-9-1393],[@b90-ndt-9-1393] Changes in latency are also observed; ADHD patients exhibit longer latencies with reduced accuracy, due to their attempt to correct the error of the saccades and regulate the onset of the task.[@b18-ndt-9-1393],[@b25-ndt-9-1393]

It is necessary to amplify the inhibition signals to suppress a saccade, thus reducing the excitability of the neurons responsible for triggering the eye movement.[@b18-ndt-9-1393] Inhibition is a prominent cognitive domain.[@b87-ndt-9-1393] Therefore, in relation to eye movement tasks, subjects with ADHD demonstrated difficulty executing the planned movements and had impulsive responses. The research studies that correlate the saccade with ADHD are promising because they allow for analysis of the disease pathophysiology, but it is necessary to go deeper with these studies to better understand the inhibition alterations presented by these patients.

AD
--

"AD" is a chronic condition characterized by an excessive and persistent sense of apprehension.[@b92-ndt-9-1393] The DSM-IV divides the AD into different subtypes, including generalized AD, panic disorder, agoraphobia, social anxiety disorder, OCD, specific phobias, and post-traumatic stress disorder.[@b93-ndt-9-1393] Several studies have demonstrated cognitive changes in patients with AD, especially attention deficit.[@b94-ndt-9-1393]--[@b96-ndt-9-1393] One way to investigate attention deficit is to understand abnormalities in eye movement. In this context, few studies have aimed to observe the relation between eye movement and anxiety. A review published in 2011 examined studies that investigated the contribution of eye movement to the neuropsychology of OCD.[@b99-ndt-9-1393]

A previous review reported a small but growing body of publications investigating eye movement and AD.[@b97-ndt-9-1393] The most investigated form of AD is OCD; most of the studies try to correlate eye movement deficit with impaired prefrontal circuit in this population. Since this review, we found just one original article relating eye movement and OCD.[@b56-ndt-9-1393] This fact reinforces the need for more studies that seek to investigate this issue. As observed by previous reviews, most studies involving eye movement have investigated OCD and anxiety patients, demonstrating a change in latency during the execution of the eye movement when compared with control subjects. This fact has been confirmed by the strong correlation of dysfunctional areas in OCD and the areas involved in motor control.

Based on the knowledge that cortical areas driving predictive saccades overlap with circuits involved in the pathophysiology of OCD (ie, pathways from prefrontal areas to the basal ganglia),[@b98-ndt-9-1393],[@b99-ndt-9-1393] most of the studies tried to investigate if OCD patients have some deficit in the eye movement. Four studies investigated SPEM in OCD patients.[@b47-ndt-9-1393]--[@b49-ndt-9-1393],[@b51-ndt-9-1393] Although they examined the same kind of eye movement, we verified a wide variation in the paradigms, tasks, and objectives of the studies. Because of this, it is difficult to define a SPEM deficit pattern in OCD patients. One study observed amphetamine's attentional effects in OCD patients and verified a significant negative correlation in obsessive-compulsive patients between baseline SPEM impairment and changes in eye-tracking accuracy following amphetamine; that is, individuals with poorer SPEM accuracy improved, while the tracking accuracy of better SPEM performers deteriorated during amphetamine treatment.[@b47-ndt-9-1393] Clementz et al[@b48-ndt-9-1393] did not observe any difference between OCD patients and nonpsychiatric subjects in terms of pursuit gain, frequency of corrective, intrusive saccades, or any variable in the slow target velocity condition. However, they observed that OCD patients had smaller catch-up saccades during smooth pursuit and lower pursuit gain than nonpsychiatric subjects. Pallanti et al[@b49-ndt-9-1393] also observed a moderate to severe reduction and increased number and amplitude of anticipatory saccades in some OCD patients. In contrast, Farber and colleagues[@b51-ndt-9-1393] showed that OCD and nonpsychiatric individuals had statistically similar pursuit reaction times and average eye accelerations during open- and closed-loop performances, suggesting that brain regions supporting smooth-pursuit performance are unimpaired in OCD patients.

Four other studies investigated SEM tasks in OCD patients. Maruff et al[@b52-ndt-9-1393] used three tasks: visually guided saccade, a volitional prosaccade, and antisaccade, and only observed that OCD patients presented a slower latency than controls in volitional prosaccades and antisaccades; they did not find any difference in other parameters. Using prosaccade and antisaccade tasks, van der Wee et al[@b54-ndt-9-1393] also found a slowing in latency for the antisaccade task in patients with OCD. In a more recent study, Kloft et al[@b56-ndt-9-1393] identified that OCD patients and relatives had longer latencies in the volitional saccades than the control group. However, Spengler et al[@b55-ndt-9-1393] did not observe any difference between OCD patients and controls during predictive saccade, reflexive saccade, and antisaccade tasks. Two more studies have investigated oculomotor tests in OCD patients. One found that OCD patients had more response--suppression failures than controls when peripheral visual targets were presented close to central fixation,[@b50-ndt-9-1393] while the other observed a lower steady-state velocity in the foveofugal task in patients than in controls; changes of saccadic latencies or position errors were not found in any of the patient groups.[@b53-ndt-9-1393]

We found only one study that investigated eye movement deficits in social anxiety and two studies that examined anxiety not as a disorder, but simply divided the sample into low and high anxiety groups. The socially anxious individuals studied had difficulties in inhibiting themselves to reflexively attend to facial expressions, and they made more erratic prosaccades to all facial expressions when an antisaccade was required.[@b57-ndt-9-1393] The researchers investigated the relationship between saccade task and emotional facial expressions (happy, angry, fearful, sad, neutral). The participants performed either pro- or antisaccades in response to peripherally presented facial expressions. Thus, these findings indicate impaired attentional control in social anxiety. This result may be due to a dysfunction in the prefrontal areas, which are involved in attentional control.

In contrast, Ansari and colleagues[@b58-ndt-9-1393] observed that individuals in the high anxiety group did not exhibit the commonly reported paradoxical improvement in saccade latency, whereas individuals in the low anxiety group did. In a more recent study, Derakshan et al[@b59-ndt-9-1393] identified that participants in the high anxiety group had longer correct antisaccade latencies than participants in the low anxiety group, and this effect was greater with threatening cues than positive or neutral ones. They also found that the two groups did not differ in terms of error rate in the antisaccade task.

Therefore, it can be concluded that OCD patients have a change in the latency of eye movement tasks in both saccadic and smooth pursuit, though no study found difference in the error rate when these patients were compared with healthy individuals. No studies were found that addressed change in eye movements in adults diagnosed with other subtypes of anxiety. One study involving social anxiety and two that divided the subjects into low and high anxiety groups demonstrated a change in eye movement in anxious individuals. Thus, more studies are required in this area to establish whether there is in fact a change in the eye movement pattern of anxious patients and whether this can be considered a biological marker.

Conclusion
==========

SEM changes appear to be heavily involved in, and a possible marker for, the psychiatric disorders covered in this review. The changes occurring in the execution of eye movement tasks in patients with psychopathologies suggest that this movement is associated with the cognitive and motor systems. Specifically, bipolar patients presented different responses in relation to saccadic movement modifications. These responses appear to depend on the patient's disease phase. As such, there is a need for new experimental research looking at patients in various stages of mood swing to clarify these uncertainties, thus providing a greater understanding of the pathophysiology which will allow for the development of new treatment approaches for these patients.

Schizophrenic patients have difficulty inhibiting stimuli from the environment and directing attention to the target stimulus. Thus, we conclude that disorders of sensorimotor integration and of ocular tracking seem to be involved with one of the pathophysiological characteristics of schizophrenia.

With regards to the depressive patients, they presented slow responses to the stimulus and had varied in their response according to the type of depression. The studies with depression patients related to SEM demonstrated various results, mainly in terms of latency response; however, few studies address the issue considering other measures, for example, electrophysiological trials. Subjects with ADHD demonstrated difficulty executing planned movements and had impulsive responses, while, in anxiety patients, changes in latency were noted. The findings of the analyzed studies may result from impairment of the neural substrate in individuals with mental disorders. Although these changes have been observed, the data are still contradictory, thus cannot define that there are changes specific to each disorder. Future research is necessary to attempt to set a standard. Nevertheless, when patients are taking medications, it is important to keep in mind that these may be responsible for the changes observed and that different assessment methods may have different outcomes.

Even though such results are interesting for understanding the attention process associated with psychiatric patients, this study has certain limitations. The few existing studies about behavioral and electrophysiological pattern in psychiatric disorders, during the execution of the saccadic movements, demonstrate the need to improve the experimental paradigm, as well as the analysis methods used, since the results seem to be inconclusive due to methodological variability. Moreover, these few studies indicate conflicting results, which need to be investigated in future research.
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###### 

Summary of the most common saccadic eye movement paradigms

  Paradigm                 Description
  ------------------------ ---------------------------------------------------------------------------------------------------------------
  Stimuli-guided saccade   Redirection of the gaze toward a stimulus in the environment
  Antisaccade              Spontaneous gaze redirection in the opposite direction of stimuli, to suppress an automatic saccade
  Memory-guided saccade    Eye direction toward stimulus alternates between two fixed points at a fixed time interval in the environment

###### 

Summary of main findings in schizophrenic patients during execution of saccade paradigms

  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                 Objective                                                                                                   Subjects                                      Methods                                                                                                     Results
  ------------------------------------- ----------------------------------------------------------------------------------------------------------- --------------------------------------------- ----------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------
  Sereno and Holzman[@b11-ndt-9-1393]   Examine the relationship between antisaccade and smooth pursuit of the stimulus in schizophrenic patients   17 schizophrenic patients\                    Saccadic and smooth pursuit were recorded                                                                   Greater error rates and greater delays in the antisaccade task\
                                                                                                                                                    11 non-schizophrenic psychiatric patients\                                                                                                                Greater increase in error rates in the antisaccade pursuit performance (schizophrenics with impaired smooth pursuit)
                                                                                                                                                    14 normal controls                                                                                                                                        

  Picard et al[@b30-ndt-9-1393]         Correlate neurological soft signs with changes in saccade movement paradigms                                78 schizophrenic patients (43 non-treated)\   Subjects were tested for three saccadic tasks (prosaccade, predictive saccade and memory-guided saccade)\   Neurological soft signs and saccades have common mechanism and common neural substrates
                                                                                                                                                    41 healthy controls                           Infrared oculometry was used                                                                                

  Smyrnis et al[@b64-ndt-9-1393]        Compare the reaction time to execute a saccade                                                              53 schizophrenic patients 1,089 controls      The median and variability of reaction time were measured for visually guided saccades                      Increase in the patients' median reaction time\
                                                                                                                                                                                                                                                                                                              Difference in information processing
  ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Summary of main findings in bipolar disorder patients during execution of saccade paradigms

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                  Objective                                                                                                        Subjects                     Methods                                                                                                               Results
  -------------------------------------- ---------------------------------------------------------------------------------------------------------------- ---------------------------- --------------------------------------------------------------------------------------------------------------------- ---------------------------------------------------------------------------------------------
  Tien et al[@b100-ndt-9-1393]           Examine multivariate patterns of relationships in oculomotor performance, psychopathology, and neuropsychology   29 schizophrenic patients\   Performance of smooth-pursuit and SEM tasks was assessed and analyzed in relation to age, sex, and different scales   Higher proportion of errors in the antisaccade task\
                                                                                                                                                          26 bipolar patients\                                                                                                                               Women had the worst antisaccade performance\
                                                                                                                                                          55 healthy subjects                                                                                                                                Scale scores had independent associations with the antisaccade task

  Gooding et al[@b37-ndt-9-1393]         Conciliate the discrepant results about visual fixation performance in schizophrenic patients                    34 schizophrenic patients\   Subjects were presented with central fixation targets                                                                 The three groups did not differ in terms of fixation quality ratings
                                                                                                                                                          20 bipolar patients(\                                                                                                                              
                                                                                                                                                          30 non-patient controls                                                                                                                            

  Gooding and Tallent[@b78-ndt-9-1393]   Examine antisaccade and working memory tasks in schizophrenic and bipolar patients                               34 schizophrenic patients\   Execution of saccadic inhibition (antisaccade), working memory, and sensorimotor tasks                                Antisaccade and working memory deficits (in schizophrenic patients)\
                                                                                                                                                          20 bipolar patients\                                                                                                                               More errors in the antisaccade task, but normal working memory task (with bipolar patients)
                                                                                                                                                          30 controls                                                                                                                                        
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviation:** SEM, saccadic eye movement.

###### 

Summary of main findings in depressive patients during execution of saccade paradigms

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                                     Objective                                                                                              Subjects                                                                          Methods                                                                                                                                                Results
  ----------------------------------------- ------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------- ------------------------------------------------------------------------------------------------------------------------------------------------------ --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Sweeney et al[@b39-ndt-9-1393]            Assess the executive control of eye movements and the functional integrity of cerebellar systems       29 unmedicated depressed inpatients\                                              Battery of oculomotor tasks                                                                                                                            Increased rates of response suppression errors on an antisaccade task\
                                                                                                                                                   19 healthy subjects                                                                                                                                                                                                                      Less accurate memory for spatial location information in a spatial delayed response task\
                                                                                                                                                                                                                                                                                                                                                                                            Dysmetric visually guided saccades\
                                                                                                                                                                                                                                                                                                                                                                                            Increased rates of saccadic intrusions during visual fixation

  Winograd-Gurvich et al[@b40-ndt-9-1393]   Explore the control and execution of saccades in melancholic and non-melancholic depressive patients   19 patients with major depressive disorder (9 melancholic; 10 non-melancholic)\   A battery of SEM tasks used to explore reflexive saccades and cognitive aspects of saccades, including inhibitory control and spatial working memory   Longer latencies, difficulty in increasing velocity peaks as target amplitudes increased, and hypometric primary saccades during the predictable protocol (in melancholic patients)\
                                                                                                                                                   15 healthy controls                                                                                                                                                                                                                      Saccadic velocity peaks increased during reflexive saccades at larger amplitudes (in non-melancholic patients)
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviation:** SEM, saccadic eye movement.

###### 

Main findings in attention-deficit hyperactivity disorder (ADHD) patients during execution of saccade paradigms

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                           Objective                                                                                                                                Subjects                                                 Methods                                                                   Results
  ------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------- -------------------------------------------------------- ------------------------------------------------------------------------- --------------------------------------------------------------------
  Gould et al[@b17-ndt-9-1393]    Assess if eye movements can be useful in providing objective criteria for evaluating ADHD, and if they represent a stable trait marker   53 children with ADHD\                                   Fixation task with large saccades away from the fixation point analyzed   Larger saccades interrupted fixation
                                                                                                                                                                           44 healthy control children                                                                                                        

  Feifel et al[@b45-ndt-9-1393]   Evaluate the functional integrity of the frontostriatal system of ADHD adult subjects                                                    12 adults with ADHD unmedicated for at least 48 hours\   A comprehensive battery of ocular motor paradigms                         Significantly more anticipatory saccades during a prosaccade task\
                                                                                                                                                                           12 normal comparison adults                                                                                                        Significantly more directional errors on the antisaccade task
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

###### 

Summary of main findings in anxiety disorder (AD) patients during execution of saccade paradigms

  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Study                             Objective                                                                                                                                      Subjects                                                Methods                                                                                                                             Results
  --------------------------------- ---------------------------------------------------------------------------------------------------------------------------------------------- ------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------- ----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Siever et al[@b47-ndt-9-1393]     Assess the accuracy of SPEM prior to and after administration of oral amphetamine in patients with OCD                                         5 bipolar patients\                                     Comparison of error rates and latencies on a fixation task, prosaccade task, and antisaccade task                                   In these 13 patients, amphetamine did not significantly alter the accuracy of SPEM in the two patient groups\
                                                                                                                                                                                   8 OCD patients                                                                                                                                                                              Negative correlations were observed in the OCD patients and in the combined patient groups between baseline SPEM impairment and changes in eye-tracking accuracy following amphetamine

  Spengler et al[@b55-ndt-9-1393]   Investigate whether specific oculomotor dysfunctions can be observed in patients with OCD during the execution of four kinds of eye movement   18 OCD patients\                                        Evaluation of the predictive saccade, reflexive saccade, antisaccade, and predictive smooth pursuit                                 Increased rates of anticipatory saccades with reduced amplitude gains (in OCD and schizophrenic patients)\
                                                                                                                                                                                   16 schizophrenic patients\                                                                                                                                                                  No changes in the latency or accuracy of reflexive saccades (in OCD and schizophrenic patients)\
                                                                                                                                                                                   23 healthy subjects                                                                                                                                                                         In the antisaccade task: no difference in error rates and latencies (in OCD patients and controls) and difference in error rates and latencies (OCD patients and schizophrenics)\
                                                                                                                                                                                                                                                                                                                                                                               No evidence for smooth-pursuit maintenance impairment\
                                                                                                                                                                                                                                                                                                                                                                               Smooth-pursuit maintenance performance impaired in OCD patients whenever the predictability of the stimulus movement was reduced

  Kloft et al[@b56-ndt-9-1393]      Assess whether deficits in the volitional control of saccades in OCD represents a cognitive endophenotype                                      22 unmedicated patients with OCD\                       Four task types: visually guided saccades and three different types of volitional saccade tasks -- cued, un-cued, and free choice   OCD patients and relatives of OCD patients had longer latencies in the volitional saccades (un-cued condition)\
                                                                                                                                                                                   22 unaffected first-degree relatives of OCD patients\                                                                                                                                       No group differences in latencies of volitional (cued condition), visually guided, and free-choice saccades
                                                                                                                                                                                   22 healthy volunteers                                                                                                                                                                       
  ---------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------

**Abbreviations:** OCD, obsessive-compulsive disorder; SPEM, smooth-pursuit eye movement.
